ABSTRACT Emotional experiences have aroused HCI researchers' interest once these types of experience involve many parts of our body, such as muscles, body postures, and psychophysiological measures. Hedonic experiences give us pleasure and good emotions, and this paper focuses on it. Some psychophysiological measures have already been correlated with both valence and arousal, the main dimensions of emotion. However, a consensus has not been reached on which psychophysiological measure better represents the emotion's dimensions. In this paper, three combined non-invasive psychophysiological measures were used to verify which of them represents the emotion's dimensions. Besides that, an approach to studying the tendency of user's emotion is presented, assisting HCI researchers in HCI experiments. An experiment was conducted using quantitative and qualitative data analysis, and the results show important correlations that were used in the proposed approach.
I. INTRODUCTION
According to Psychology [1] , [2] , emotion is a momentary condition that arises in affective experiences, provoking changes in several areas of the psychological and physiological functioning of the individual. Emotions are complex and involve many elements, as individual perceptions, her/his feelings, and her/his thoughts.
Emotional experiences are experienced by many parts of user's body, such as body postures, muscles tensing or relaxing, movements and facial expressions. For this reason, researchers are building tools and devices that facilitate the understanding of user's emotion, for example facial recognition tools. Facial expressions result from the movements of facial skin, caused by the contraction of muscles [3] . Involuntary facial expressions can represent user's emotion, because the basic emotions have distinct facial expressions and are universal [4] , such as anger, sadness, and joy. However, facial expressions can be simulated by the users and generate fake results in experiments [5] , [6] . Emotion has aroused interest in the HCI area to measure user satisfaction with the product during the experience.
Human Computer Interaction (HCI) experiments are previously planned simulations of an interaction between a user
The associate editor coordinating the review of this manuscript and approving it for publication was Victor Hugo Albuquerque. and product. Before, during and after interaction (User eXperience (UX)), data can be collected manually or automatically (with the use of sensors). These experiments might be planned and analyzed by UX researchers, which can be information technology (IT) professionals or psychologists.
During these experiments, the product's usability and the UX can be investigated. While usability measures the quality of being usable of a product (the focus of usability is on the product's quality), UX consists of the perceptions and responses of a person (the user) that result from the use of a product, system or service [7] . In other words, UX remains to the quality of the experience for the user, answering the question ''was the experience pleasurable or enjoyable for the user?''. However, these perceptions are individual. This means that even if two people have the same experience, each one has her/his own perception of this experience.
Researchers are collecting psychophysiological measures during HCI experiments, with the use of sensors at human body, because they can reveal emotional recognition of user [8] , [9] . Physiological signals are used in these experiments because they can capture information that is difficult to perceive by the observers [10] .
The evolution of sensors permits to have a cheaper and less intrusive way to measure these physiological signals [11] . Some examples of these measures are: Galvanic Skin Response (GSR) / Electrodermal Activity (EDA), Blood Volume Pulse (BVP), Electromyography (EMG), Respiration, Heart Rate (HR), and Electroencephalography (EEG).
However, there is a lack of consensus over which psychophysiological measures better represent different emotions [12] , generating unsatisfactory measures. For instance, Agarwal and Meyer [13] use EEG to measure frustration, while Fairclough et al. [14] use EEG to measure valence of emotion; Foglia and Zanda [11] use GSR/EDA, while O'Brien and Lebow [10] use EMG (electromyography) to measure arousal, among others.
Another problem is the lack of investigation about correlations between user's emotion and psychophysiological measures with user's errors and usability issues on HCI experiments. Psychophysiological measures are been used to study user's emotion and usability in the experiments, but without correlations between the user's emotion and usability problems.
This study mitigates these problems by investigating and proposing the use of psychophysiological measures during HCI experiments, considering user's emotion and its relationship with possible usability problems. We describe an approach to support UX researchers in the planning phase of HCI experiments, with the use of psychophysiological measures, taking into consideration the characteristics of the experience of the user with the product.
Thus, there are two research questions addressed in this study:
RQ1) Can psychophysiological measures represent user's dimensions of emotion during an experience? RQ2) Do the type of experience, previous experiences, user's errors, and errors caused by the application or devices influence on psychophysiological measures and self-reported emotion?
By the same reasons of the previous study [12] , we decided: i) to investigate different types of experiences, to compare the results; ii) to use GSR/EDA, HR, and EEG to assess user emotion while performing the experiment's tasks; and iii) to collect all measures simultaneously.
Some results and contributions are:
• Significant correlations between the dimensions of user's emotion and psychophysiological measures;
• An approach to support researchers during the planning of HCI experiments that must consider user's emotion.
This paper is organized as follows: Section 2 shows necessary contextualization for this study, Section 3 details the experiment and its results, Section 4 brings a discussion about the results, Section 5 details the proposed approach to support researchers in HCI experiments, and, finally, Section 6 shows the conclusions and some future work.
II. CONTEXTUALIZATION A. DIMENSIONS OF EMOTION
There are some different models to represent emotions, as [15] - [17] . But the model of Russel [15] , which describes emotions as a two-dimensional space (arousal and valence), is the most utilized, because valence and arousal are the most fundamental and commonly studied dimensions [18] and they are part of most of models. Valence represents positive or negative emotion, ranging from negative to neutral to positive. Arousal measures the level of calming/exciting, and ranges from very calm to neutral to highly arousal emotion. Moreover, a third dimension, named dominance, can be added to Russel model, and represents the user's feeling of control in the application (dominant or submissive) [18] .
We use Russel's model [15] as definition of emotion in this study, considering the three dimensions (valence, arousal and dominance).
B. PREVIOUS WORK
Some previous studies were made on this research, to search for responses involving the use of psychophysiological measures in HCI evaluation sessions. First, [19] presented a systematic review about measuring of UX. The measurements have been carried out on different platforms (mobile, web) and applications (such as e-commerce, e-learning, and games).
To complete such results, the second study consisted of a systematic review of UX evaluation (not just measurement) [20] . The following results were found: 1) psychophysiological measures are not yet widely applied in the UX evaluation; 2) researchers prefer qualitative approaches, and 3) the evaluations are mostly manual.
A study about the use of psychophysiological measures in HCI experiments was realized in [21] . The results were: 1) psychophysiological measures are still difficult to apply, since sensors are still invasive and difficult to understand and use; 2) each psychophysiological measure is related to various emotions, and each emotion is measured by different psychophysiological measures; and 3) it is necessary to explore and discover more solutions to user's emotion measurement.
An approach to estimate user's emotion during the experiment, in real-time, based on psychophysiological measures was proposed in [22] , but the process of collecting data was not detailed, because first the right psychophysiological measures should be chosen.
The proposed approach of this study is a framework for emotional analysis, that covers the three moments of the experience (before, during, and after), based on correlations between the psychophysiological measures and user's emotion. This framework could be used during the collect phase in the emotional analysis proposed in [22] .
Finally, an experiment was conducted using quantitative and qualitative data analysis [12] , in order to study correlations between psychophysiological measures and the dimensions of emotion, and the results were: a significant correlation between valence and variation of heart rate, and between arousal and alpha band. However, only one type of experience (mobile game) was used in the experiment, and no investigation over the usability problems was made.
III. EXPERIMENTS A. APPLICATIONS AND THE USER'S TASKS PERFORMED DURING THE EXPERIMENTS
To answer the research questions of this study, an experiment was conducted to explore the correlations between user's psychophysiological measures and her/his number of errors while interacting with an application, as well as to deepen the investigation about the relationship between the psychophysiological measures and the dimensions of emotion (valence, arousal and dominance).
The experiment was performed in a usability lab in the university this research occurs, in an equipped and soundproofing room, where all participants made part of three different experiences:
1) To play a music in a mobile game called Piano Tiles, which is an intensely challenging game. It was played in an iPhone 4S; 2) To prepare a presentation (doing the slides), using Microsoft PowerPoint application; 3) To participate in an immersive (virtual reality) roller coaster, using an application for Gear VR glasses called Rilix Coaster. Users didn't interact with the application, just observed the scenario and events. The experience 2 (presentation for a condominium) is a non-hedonic experience, because it is not the type of experience the users search for to feel pleasure or joy. In contrast, experiences 1 (mobile game) and 3 (virtual reality) are hedonic experiences.
A pilot experiment was realized with 6 volunteers, to test experiment's procedure, equipment and measurements. Because of the results of the pilot test, some changes were made on collection procedure.
B. COLLECTED MEASURES
The data collection during the experiment was both automatic and manual. It was automatic because of the use of sensors to collect the psychological measures, and it was manual because of the application of questionnaires and observation of the recorded videos by three UX researchers. Thus, it is possible to correlate the physiological measurements of the user with the opinions of the user and the specialist. For each of these collected measures we defined the purpose of evaluation, which guided the analysis of the research questions. Table 1 shows all the instruments used in this experiment, as well as the collected measures and their purposes of evaluation.
Video recordings were used to collect the number of errors caused by the device and errors of the user during the experience, as well as demonstrations of discomfort (because of the sensors) and fear (in the roller coaster experience). Errors influence the perceived ease of use of a product by the user [7] . In their review, Yousafzai and colleagues [23] list variables that have impact on perceived ease of use. These variables include intrinsic motivation, objective usability, perceived enjoyment, system quality, task characteristics, and so on. The pre-test questionnaire contains demographic information, game preferences and habits. The post-test questionnaires were: modified versions of User Engagement Scale (UES) [24] and Self-Assessment Manikin (SAM) [25] .
The UES questionnaire has six subscales: Aesthetics -AE, Endurability -EN (would I used it again?), Felt Involvement -FI (was the experience funny?), Focused Attention -FA (concentration, temporal dissociation), Novelty -NO (interest and curiosity), and Perceived Usability -PU [26] .
SAM is a graphic (nonverbal) self-report questionnaire used to measure user's emotion about the experience, considering the three major affective dimensions: valence, arousal, and dominance. We used an adaptation for this questionnaire [27] , in which emoticons are used to represent each dimension of emotion (valence, arousal or dominance), and the user chooses only one emoticon for each dimension. Each emoticon is related to a number, ranging from one to five.
C. METHODOLOGY
All experiment's sessions were composed by the following steps:
1. At the begin of the experiment session, each participant is invited to participate in the three experiences and a VOLUME 7, 2019 brief explanation about the experiment is done. If the participant agrees, all necessary consents are taken; 2. The pre-test questionnaire is applied; 3. The user does each task using each application (experience). Users had approximately three minutes for each experience, and the applications were experienced in a random order; 4. After each task, SAM questionnaire is applied to collect user's valence, arousal and dominance; 5. After each task, UES questionnaire is applied to collect user's engagement; 6. At the final of the experiment session, UES questionnaire for sensors is applied, to collect user's opinion about the difficulty of use, discomfort, and frustration of sensors. After the sessions with participants, data was analyzed in the following way (like [12] ):
1. EEG data was normalized, using min-max (0 to 1) normalization technique, to minimize individual differences. Median for all EEG bands were calculated for each user and experience; 2. EDA data was filtered, using the same technique of iMotions Biometric Research, and normalized, using min-max normalization technique. After, the median and its variation for each user and experience was calculated; 3. Variation of HR (delta_HR) and median for HR were calculated for each user and experience; 4. All videos were analyzed by a UX researcher; Non-parametric 5. data from the questionnaires were transformed into parametric data; and 6. All data was correlated using Pearson's Correlation, with the same method used by Sauro & Lewis [28] .
D. PARTICIPANTS
The study consisted of 24 participants (17 male, 7 female), all recruited as volunteers. They are undergraduate and graduate students, professors, researchers, and IT professionals. Figure 1 illustrates the number for age and gender of participants, in a histogram graphic. No participants were trained before the experiment. Instead, we collected information about participants' familiarity with games and technology, to investigate possible correlations between this familiarity and participants' engagement in the three experiences.
E. RESULTS

1) RESULTS FOR THE TASKS/EXPERIENCES
In this section we analyze how the user felt engaged in the experiences and how the type of application can affect this feeling. A radar graphic facilitates the visualization of multivariate data for more than one or more group of values. For this experiment, we can see the scores from UES and SAM questionnaires for the 3 tasks, which are represented by different colors in the graphs. The closer to the center point is the line, the lower the score. Figure 2 shows the users' opinion about the tasks performed in each application in terms of engagement. The vertices of the radar graphic are the 6 categories of UES questionnaire (FA -Focused Attention, FI -Felt Involvement, NO -Novelty, EN -Endurability, AE -Aesthetics, PUPerceived Usability), which varies from 1 to 5. The central value for this graphic represents the score 2, which is the minor value pointed by users, and the last one, excluding the borders, is 5, because this is the major value pointed by the users, with intervals of 1 (i.e., the values are 3, 4 and 5). The internal lines of the radar graphic represent the scores 3, 4, and 5. Any user considered the score 1 as the minor value for the applications. In this way, the slides task, which is the green line (PP on legend), was minimally scored by users, with the major score for Focused Attention (FA) category of UES questionnaire (score 4).
The major score for FA category was because in this task users had to think in the content for the slides, so they were focused in doing this. Furthermore, many participants confirmed in the end of the experiment that the less engaging experience was the slides one.
The other two applications (MG and VR) had major scores, very similar between them, but virtual reality had the major scores for Aesthetics.
So, because of the minor scores for all categories of UES questionnaire for the slides experience and the higher scores for mobile game and virtual reality experiences, it is possible to conclude that the mobile game and virtual reality were the most engaging experiences in this experiment. Figure 3 shows MG and VR tasks were very similar in terms of user's self-reported emotion (valence, arousal and dominance), while the slides task had the minor values for all dimensions of emotion. In this Figure, the central value is 3, which is the minor value pointed by users, and the last one, excluding borders, is 5, the major value pointed by users, with intervals of 0.5 (i.e., the values are 3.5, 4, 4.5, and 5).
In this way, we can observe that the slides task was really a non-hedonic experience, since the scores for valence, arousal and dominance were too low for this experience. In contrast, MG and VR tasks were hedonic experiences for the participants, because the scores for the three categories of SAM questionnaire were high.
2) CORRELATIONS OF THE PSYCHOPHYSIOLOGICAL MEASURES
In this section, we correlated sensor's data, questionnaires responses and errors occurred during the experience. Besides this, we identified the factors that influence the dimensions of user's emotion.
As we said previously, for each psychophysiological measure, its variation (here called ''delta'') and median were calculated. The following names were used to represent these measures on the result Table 2. 1. Heart Rate a. delta_HR represents the variation of heart rate during the task;
2. Galvanic Skin Response (GSR) / Electrodermal Activity (EDA) a. MED_EDA represents the median for EDA during the task; 3. EEG Bands a. MED_LB represents the median for Low Beta band from EEG during the task; b. MED_LG represents the median for Low Gama band from EEG during the task; c. MED_HG represents the median for High Gama band from EEG during the task; d. MED_T represents the median for Theta band from EEG during the task. Table 2 shows the valid correlations found in this experiment. The lines in gray represent those correlations related to emotion's dimensions. The value for significance of correlation is showed with some symbols (' * ' when p < 0.05, VOLUME 7, 2019 ' * * ' when p < 0.01, and ' * * * ' when p < 0.001). Positive correlations between two variables represent a relationship in which both variables increase or decrease, while in negative correlations when one variable increases, the other decreases.
Some important correlations were found in this experiment. They will be highlighted below.
When analyzing the participants' psychophysiological signals, we realized that psychophysiological signals behave differently depending on the type of experience, as showed first and third columns in Table 2 .
Firstly, none psychophysiological measure was associated with the dimensions of emotion (valence, arousal, and dominance) in the slides experience, in contrast with the other two experiences. While mobile games and virtual reality are hedonic experiences, do slides for a presentation generally is not a hedonic experience.
It is necessary to remember that an experience can be hedonic for someone and non-hedonic for other person, but, in this experiment, all participants commented the difference between the slides task and the other two tasks (the other two were funny). On the other hand, the psychophysiological measures were correlated with the user's emotion in the two other experiences:
• In the virtual reality experience (roller coaster), ''Manifestations of fear'', such as scared facial expressions or screams, were correlated with ''MED_EEG_LG '' (median for Low Gama band of EEG).
• Also in the virtual reality experience, Arousal was correlated with ''MED_EEG_HG '' (median for High Gama band), ''MED_EEG_LB'' (median for Low Beta bands of EEG), and with ''MED_EDA'' (median of EDA). Besides this, Dominance was correlated with ''MED_EEG_T '' (median for Theta band of EEG);
• In the mobile game experience there was correlation between all emotions' dimensions (valence, arousal and dominance correlated with ''MED_EEG_HG '' (median for High Gama band of EEG), and between arousal and ''delta_HR'' (variation of heart rate). For the mobile game experience, the variation of heart rate was correlated with the number of users' mistakes (for example, when the user did not touch the black tiles of the piano in the mobile game). These mistakes were observed by a UX researcher in the video recordings after the experiment. Two interesting correlations confirm that the user's previous experience gives her/him more dominance over the application or product for the user. Firstly, the correlation between ''Likes play in VR'' (when the user had experienced VR applications or games and liked it) and the user's dominance in the VR experience. The other correlation is between ''Frequency cellular'' (when the user frequently plays games in her/his cellular) and user's dominance over the mobile game. Table 3 shows the questions and the median for users' responses regarding their difficulty of use of sensors. The values of questions were 1 to 5, with minor values representing ''disagree'' and major values representing ''agree''. However, in contrast with [12] , most users said the sensors made the tasks more difficult, mainly for the slides task, because user's hands were heavily used in the execution of this task. The sensor that generated the most negative comments was the EDA sensor (used in users' fingers). For the other two tasks, most users said that the sensors did not disturb so much. Besides the difficulty generate by the sensors, users said that were not frustrated with the sensors, and they did not cause discomfort during the experience.
3) RESULTS FOR THE SENSORS
IV. DISCUSSION
The research question RQ1 (''Can psychophysiological measures represent user's dimensions of emotion during an experience?'') could be answered with: ''it depends''. It depends on the type of experience. For non-hedonic experiences, UX researchers can use psychophysiological measures to know user's attention during the experience, due to the high score for FA (Focused Attention) category of UES questionnaire in this study and some related works [29] , [30] . However, these measures were correlated with dimensions of emotion only for hedonic experiences. Thus, it is prudent to use them to estimate user's emotion only in hedonic experiences.
Relating to the errors occurred during the experience, the number of user's mistakes in the application (for example, number of errors in games) was correlated with variation of heart rate, as previously stated, answering research question RQ2 (''Do the type of experience, previous experiences, user's mistakes, and errors caused by the application or devices influence on psychophysiological measures and self-reported emotion?''). This was a strong correlation (−0.6, p < 0.005).
Also related to RQ2, users made more mistakes in the mobile game task, but as can be seen in Figure 3 , MG and VR tasks were best punctuated in terms of emotion by the users, i.e., valence and arousal had higher scores in these two experiences. So, it is possible to have funny experiences even if we made mistakes in the hedonic experience. Maybe because it is a challenging experience.
Considering previous experiences, as factor of investigation for the RQ2, Dominance was correlated with likeability in virtual reality task, as described above, and with the frequency which user plays in her/his cellular in mobile game task. It seems that when there are previous similar experiences, users have more dominance over the experience, and dominance brings security for the user ((s)he feels secure in using that application). However, this occurred only for the two hedonic experiences in this experiment. Dominance also was correlated with age of users (the younger the user is, more dominance (s)he has over the application).
Besides the answers to the research questions, some more important correlations must be highlighted.
Perceived Usability (category PU of UES questionnaire) was correlated with High Gama and Theta bands of EEG only for virtual reality task. Maybe the perceived usability is associated with the feeling of comfort. In this task, some users felt dizzy or had a headache.
There are also some correlations related to the use of sensors. In mobile game task, arousal was correlated with all items of sensor's questionnaire (''sensors made task execution difficult'', ''the sensors caused discomfort or pain'', ''I couldn't forget the sensors during the tasks'', and ''I was frustrated using the sensors during the experiment''). Despite this, mobile game task was one of the best rated experiences regarding the user's emotion.
So, sensor's discomfort can decrease arousal during the hedonic experience, but it seems that as the user engages in the experience, (s)he forgets the sensor's discomfort.
Sensor's discomfort was also associated with Endurability (category EN of UES questionnaire), which is related to recommendation of the experience for other people. So, it is important to consider sensor's discomfort when designing user experiences with the use of psychophysiological measures.
V. ETUXE
Based on the problematic already cited, we recognize the difficulty in use psychophysiological measures in HCI experiments, despite they are important to analyze the tendency of user's emotion during the HCI experiments. So, we decided to propose an approach to support UX researchers in the planning phase of HCI experiments, with the use of psychophysiological measures.
The main objective of this approach, called EmotionTendency User eXperience Evaluation (ETUXE), is to support evaluators in the planning of evaluations using psychophysiological measures to support emotional analyzes and understanding of usability issues. We look to answer the following question: How can UX researchers utilize psychophysiological measures to analyze the tendency of user's emotion during HCI experiments and investigate the impact of usability issues in these measures?
The approach is composed of a flow of information, containing alternative ways. The decisions lead the evaluator to identify which psychophysiological measures are more appropriated to analyze, as well as the sensors to be utilized by users. Figure 4 illustrates the proposed approach.
In ETUXE approach we considered the psychophysiological measures correlated with the dimensions of emotion and user's errors in the experiment detailed in this study. We chose the three emotion's dimensions (valence, arousal, and dominance) to compose ETUXE approach because they are the most investigated dimensions of emotion in VOLUME 7, 2019 experiments in which UX researchers are interested in user's emotion. Depending on the objective of the experiment, UX researchers can choose what emotion's dimensions they want to investigate (it is not necessary to investigate all three dimensions). The proposed approach allows this choice, since it shows which dimensions of emotion can be investigated depending of the scenario (see an example in the next section), and the types of sensors to measure the related psychophysiological measures.
The correlations involving previous experiences show a relationship between these previous experiences and dominance, but it is an information that UX researchers get from the user in the beginning of the experiment, not something they can ''observe'' during the experience.
According to Figure 4 , firstly an UX researcher must inform the type of the experience (s)he needs to evaluate, answering the first question of the approach (''Is it a hedonic experience?''). In the case of a non-hedonic experience (when answer ''no'' to this question), psychophysiological measures must be used to capture attention, not emotion, and it is not covered by this study.
However, if an UX researcher must evaluate a HUX (when answer ''yes'' to the first question), a second question must be answered by her/him: ''Does the experience involve fear or anxiety?''. If the response is ''yes'', the evaluator can use EDA and EEG sensors to collect emotion-related measures, as well as the sensation of fear, as previously described. In this scenario, the evaluator can analyze the tendency for user's arousal (with EDA, High Gama band, and Low Beta band from EEG) and dominance (with Theta band, Low Beta band, and High Gama band from EEG).
On the other hand, if the response is ''no'', psychophysiological measures could be used to collect emotion-related measures and heart rate changes to investigate user's errors in the application. In this scenario, the evaluator can estimate user's valence, arousal, and dominance, all of them with High Gama band of EEG. Moreover, heart rate can also be used to analyze the tendency user's arousal.
The images of ''hands'', ''brain'' and ''heart'' indicate the local of human body where the psychophysiological measures are collected by the sensors.
Nevertheless, this approach does not map values of valence, arousal and dominance into instantaneous emotions, like anger, happiness, and fear. But these three emotional dimensions can help evaluators to understand how the user is feeling during an experience.
Finally, it is important to know the user's patterns for the psychophysiological measure. Evaluators need to know individual patterns of psychophysiological measures before the experiment. This recognition of user's patterns can be performed according to (blind review) framework [22] . Besides this, it is important to collect health data of the user (diseases and known heart rate patterns, for example) before the experiment, to understand specific situations (if there is already a disease, for example, and its consequences).
So, it is necessary to ''read'' the psychophysiological signals for some time, with the aid of appropriated sensors. Specific models of sensors must not be considered, just pure psychophysiological measures (any sensor may be used, since it provides pure signals, not proprietary measures).
A. EXAMPLES OF USAGE SCENARIOS 1) A GAME THAT INCREASES FEAR SITUATIONS DEPENDING ON USER'S AROUSAL AND FEAR SENSATION
Suppose that the UX researcher must study the UX of a game which objective is simulate situations of fear to the user, and these situations can be more intensive (terrifying) depending of the user's arousal (intensity of involvement with the game) and user's sensation of fear. If user's arousal decreases, the game must add another fear situation or increase the intensity of fear in the situation which the user is living in the game. The user's sensation of fear will validate the objective of the game (cause fear) and the user's arousal will guide the game to simulate new scenarios.
According to ETUXE approach, answering ''yes'' to the two initial questions (''Hedonic experience?'' and ''Involves fear or anxiety?''), we can investigate arousal tendency, dominance tendency, and user's sensation of fear. In this case, EDA or EEG (low beta or high gama band) sensors could be used to investigate arousal tendency, and EEG sensor (low gama band) to investigate sensation of fear. If only EEG sensor is available, it is possible to investigate the two desired measures (arousal and sensation of fear). For this type of experiment, it is important to choose some users that feel anxious or afraid about the experience.
2) DEFINITION OF USER'S PROFILE IN A MUSIC APP
A new music app is being developed, and the development team must test one of the most important functionalities: the user's preferences manager. As a list of songs play, the app use user's psychophysiological signals to investigate valence and arousal tendencies, according of the music which is playing. Valence is important to discard music that the user does not like, and arousal is important to define the possible situations that the user will want to listen that music. For example, while user is listening to some music, (s)he presents positive valence and low intensity (arousal), indicating that this music can be suggested to the user by the app in calm and relaxing situations. Another example could be when the user feels positive valence and high intensity (arousal), which could indicate that this music can be suggested by the app in more intense situations.
According to ETUXE approach, answering ''yes'' to the first question (''Hedonic experience?'') and ''no'' to the second question (''Involves fear or anxiety?''), we can investigate valence, arousal and dominance tendency, and the impact of user's mistakes in the app (for example, if the user selects a music that (s)he does not like to listen). In this scenario, UX researchers can use EEG sensor (high gama band) to investigate arousal and valence tendency.
VI. CONCLUSIONS AND FUTURE WORK
Understand what the user feels during an experience is still challenging for UX researchers. Firstly, because usability metrics are more common than emotional metrics.
Secondly, because there is not consensus about which psychological measures evaluators must use and in which situations.
However, as a growing trend, companies are investing in affective computing to surprise their clients. Adapt interface or content, and understand what the user feels is no longer superfluous, but has become essential.
In that context, this study aimed to investigate and propose the use of psychophysiological measures during HCI experiments, considering user's emotion and possible relationships with user's errors. The approach is an easy-to-understand way to use psychophysiological measures during the experiments, considering user's emotion and its relationship with user's errors.
In the experiment, we found correlation between psychophysiological measures and user's errors only for the mobile game task. However, no correlation was identified between self-reported emotion (SAM questionnaire) and the number of errors. We noted that user does not feel worse (sad or anger, for example) because of the errors, but these errors are challenges for the user.
Another correlation found was between psychophysiological measures and previous experiences, but no correlation was identified between self-reported emotion (SAM questionnaire) and previous experiences. There was correlation between ''I like to play in cellular'' and dominance, and between ''I like to play with VR glasses'' and dominance in VR task.
The main contributions of this work are:
1. Known correlations between psychophysiological measures and emotion's dimensions; 2. Known correlations between number of user's errors and psychophysiological measures; 3. Known correlations between sentiment of fear and psychophysiological measures; 4. Approach which supports UX researchers in the planning phase of experiments, considering user's emotion and its relationship with the number of user's errors.
The actual models for UX evaluation can be updated to consider ETUXE approach with the objective of analyze the tendency for user's emotion during the experience, or it can be used as complement for the existing models. It can be useful to test the veracity of user's answers.
In the experiment of this study, we found some internal and external threats to validity. The internal threats, related to guarantee the found statistical results, are:
1. The SAM questionnaire was answered by the participants only at the end of the experience, which may not correspond to user's emotion during the experience; 2. The delay of each sensor (the time that the information collected from the sensors are available), may cause mistakes in interpretation of emotions; 3. The experiments were performed in a controlled environment (a lab on the university). The results could be different in the ''real-world'' environment, but we had many devices and support equipment to be used in the experiments, so it was not viable to perform the tasks outside the lab.
One external threat to validity, which focuses on the possibility of generalization of the results, is: the order of the tasks was not considered in the analysis.
A future work is to continue this study, comparing the three experiences in terms of psychophysiological signals for each user, including analysis on user's emotion depending of the order of tasks and video analysis for user's facial expressions.
These findings are important for HCI area, because this information can be used to minimize user's frustration, optimizing the experience for the user. Another future work could be investigating studies of other research areas, like health, that already use sensors to collect psychophysiological measures, aiming to understand which other psychophysiological data can be used during the UX.
A last and very important future work is validating ETUXE approach, conducting new experiments with different scenarios to prove ETUXE's effectiveness. 
